INTRODUCTION
Health care of poultry continues to gain significant attention particularly in the context of outbreak of emerging and re-emerging diseases and increasing concern about emergence of antibiotic resistance in pathogens. Along with prophylactic measures, better immune competence of birds is important in prevention of disease occurrence. Pattern recognition receptors (PRR) play a vital role as a sentinel of innate immune system. In chicken 4 classes of PRR have been described: Toll-like receptors (TLR), NOD-like receptors (NLR), RIG-I helicase receptors (RLR) and C-type lectin receptors (CLR). Among PRR, TLR were well characterized and their role in innate immunity has been extensively studied. In RLR class, only 2 genes-MDA5 and LGP2 are identified as RIG-I gene is missing in the chicken genome (Barber et al., C 2017 Poultry Science Association Inc. Received December 9, 2016. Accepted April 29, 2017. 1 Corresponding author: santosh575g@gmail.com 2010). B-Lec and B-NK are important genes of CLR in chicken (Sattler et al., 2012) . Studies suggest that differential expression of TLR contributes to genetic resistance to Salmonella infections (Kogut et al., 2012 ) and Marek's disease (Perumbakkam et al., 2013; Haunshi and Cheng, 2014) . Recently, NLR, RLR, and CLR are gaining attention due to their significant role in innate immunity against bacterial, viral, fungal, and parasitic infections (Moreira and Zamboni, 2012) . Indigenous chicken breeds are slow-growing and are known for their hardiness and better survivability under unfavorable conditions of backyard and free-range systems of rearing. Hence they believed to have better innate immunity compared to high-producing exotic breeds. Previous studies demonstrated higher expression of TLR4, TLR5, and TLR7 genes in indigenous breeds such as Kadaknath and Aseel as compared to White Leghorn (WLH) breed (Kannaki et al., 2010) . Similarly, higher expression of TLR4 gene in indigenous breeds than that of improved exotic germplasm was reported (Karnati et al., 2015) .
Ghagus and Nicobari are 2 important indigenous chicken breeds of India (Anonymous, 2011) . Ghagus 3052 breed is from mainland India while Nicobari is from Nicobar groups of islands of India. Ghagus breed is a dual-purpose breed with excellent mothering ability (broodiness) and higher shank length characteristics (Haunshi et al., 2015) , whereas Nicobari is an eggtype breed with shorter shanks and a compact body (Chatterjee and Yadav, 2008) . Understanding the status of innate immunity through expression profiling of PRR and cytokine genes could be useful in conservation and genetic improvement of these indigenous breeds. However, to our knowledge, studies about differential expression of PRR genes, particularly of those belonging to NLR, RLR, and CLR are limited. Therefore, the present study was carried out to elucidate the differential expression of PRR genes and some cytokine genes in indigenous and exotic breeds with diverse genetic origin.
MATERIALS AND METHODS

Experimental Birds
Random bred pedigreed populations of Ghagus, Nicobari (Indigenous) and WLH breeds maintained at ICAR-Directorate of Poultry Research, Hyderabad were used in this study. Chicks of all 3 breeds were simultaneously hatched, housed, and reared under same management conditions. Birds were reared on a deep litter system (floor pens) in a single house from d 1 until the completion of the experiment. Identical feeding and watering regimen and healthcare practices were followed. Ad libitum feed (Chick starter ration: 2,600 kcal/kg metabolizable energy [ME] and 18% crude protein [CP] ) and water was provided. All birds were vaccinated against Marek's disease at 1 d of age, for Newcastle disease on 7 and 28 d, and for infectious bursal disease on 14 and 24 d of age. The same vaccines with the same dose were administered by the same person on the same day to all birds.
Blood Collection
Healthy male birds with uniform phenotypic characteristics within breed were selected randomly for collection of blood samples at 8 wk of age. Blood samples collected in ethylenediaminetetraacetic acid (EDTA) from the wing vein of 40 birds from each breed were pooled to make 4 groups. Blood samples collected within each breed were pooled equally from 10 birds to ensure isolation of adequate quantity of peripheral blood mononuclear cells (PBMC). Thus, a total of 12 samples (4 replicates and 3 breeds) were used in this study. The experiment was approved by the Institute's Animal Ethics Committee.
PBMC Separation
PBMC from all samples were separated using HiSep TM LSM 1084 (HiMedia, Mumbai, India) following manufacturer's instructions immediately after blood collection. Briefly, 2.5 mL of blood was layered on to 2.5 mL of HiSep TM LSM 1084 in a 15 mL tube and centrifuged at 400 × g for 30 min at room temperature. Supernatant plasma was decanted carefully without disturbing the middle white PBMC layer. The PBMC layer was transferred to a new tube andwashed with 10 mL PBS by centrifuging at 250 × g for 10 min. The PBMC pellet was again washed 3 times with 4.5 mL of PBS and finally suspended in 0.5 mL of phosphate-buffered saline (PBS).
Total RNA Isolation
Total RNA form the PBMC pellet was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA) and dissolved in 50 μL of nuclease-free water. Total RNA was analyzed both qualitatively and quantitatively using Genova Nanodrop spectrophotometer (Jenway, UK). Spectrophotometric analysis showed purity of RNA as 2.0 (260/280). The integrity of RNA was found to be good in agarose gel electrophoresis with intact 28S and 18S rRNA bands.
cDNA Conversion
Before proceeding with cDNA conversion, equal quantity of total RNA (10 μg) from each sample was incubated with 2 U of rDNase I in 5 μL of 10 × DNase I buffer at 37
• C for 30 min to remove traces of DNA, if any present in the RNA. The reverse transcription (RT) was performed using RevertAid first strand cDNA synthesis kit (Thermo Scientific, Lithuania, EU) according to kit guidelines. A no-RT control reaction was set up for every cDNA sample synthesized. Negative and positive controls were used in cDNA conversion. cDNA samples showed positive for ACTB amplification while resulting in no bands in no-RT controls.
Primer Design
The primers for amplification of 21 genes (7 reference and 14 PRR and cytokine genes) either were designed using Primer BLAST or a published one was used (Table 1) . Care was taken to ensure that at least one primer in a primer pair to span an exon-exon junction.
Quantitative Real-Time PCR
Quantitative real-time polymerase chain reaction (qPCR) was performed using StepOne real-time PCR machine (Applied Biosystems, Waltham, MA) in a 10 μL reaction mixture containing 5 μL of Power SYBR green master mix (Invitrogen, Warrington, UK); 900 nM of each forward and reverse primer; 1 μL of cDNA template and nuclease free water. All samples were run in triplicate reactions. The qPCR condition was as follows; 95
• C for 10 min, followed by 40 cycles of 95
• C for 20 s, annealing (Table 1) for 20 s, and 72
• C for 20 s. At the end of each run, melt curve analysis was performed to ascertain single sharp peak. Amplification efficiency of each primer pair was determined by plotting the log of 10-fold serial dilutions of cDNA versus Ct values. Primers with efficiencies ranging from 89 to 114% were chosen for qPCR study (Table 1) .
Reference Gene Analysis
To select suitable reference genes, the stability of expression of each gene was determined using NormFinder (Andersen et al., 2004) and BestKeeper (Pfaffl et al., 2004) methods. Since input for NormFinder needs to be in the form of relative quantities (Q), the ΔCt values of each gene were calculated using the equation 1 and relative quantities (Q) were determined using equation 2. ΔCt = min Ct − Ct sample (1) where, min Ct is the Ct value of the sample with highest expression level.
where, E is efficiency of reaction (E = 10 (-1/Slope) ) BestKeeper determines the stability of expression through descriptive statistics using Ct values. It considers housekeeping genes with lowest CV and SD values as most stably expressed genes.
Statistical Analysis
Expression of genes among 3 breeds was analyzed using 40-ΔCt method, where ΔCt is the difference between geometric mean of Ct values of reference genes and gene of interest. One-way analysis of variance (ANOVA) was used to determine the breed effect on expression profile. Descriptive statistics was used to calculate mean and standard errors. Differences were 
RESULTS AND DISCUSSION
Identification of Stable Reference Genes
Normalization of Ct values is absolutely necessary for correction of experimental errors involved in sampling, RNA extraction and cDNA conversion to obtain reliable results in qPCR experiments. Various studies used different reference genes (GAPDH, ACTB, B2M, G6PD, UB, HRPT, TBP, etc.) for normalization of qPCR results. However, in expression studies involving immune function genes with different chicken strains, mostly ACTB (Kannaki et al., 2010; Kogut et al., 2012; Karnati et al., 2015) , GAPDH (Haunshi and Cheng, 2014; Feng et al., 2016) and 18S rRNA (Patel et al., 2013 ) genes were used. However, stability of expression of reference genes is crucial in qPCR studies as their expression is known to vary depending on type of tissue, experimental conditions, species, breeds, etc. Therefore, it is strongly recommended to identify and use stable reference genes for gene expression studies (Borowska et al., 2016) . Further, many studies discourage use of a single reference gene for normalization of qPCR results (De Boever et al., 2008; Staines et al., 2016) , as the use of a single gene for normalization can lead to relatively large errors, and therefore, the use of the geometric mean of multiple reference genes is preferred. In the present study, out of 7 reference genes (ACTB, GAPDH, B2M, G6PD, UB, HRPT and TBP) tested for efficiency of expression, 4 reference genes (ACTB, GAPDH, B2M and G6PD) were found to be expressed with desirable efficiency ranging from 92 to 107% (Table 1) . Analysis with NormFinder revealed that B2M (0.324) was the most stable gene followed by G6PDH (0.686), GAPDH (0.696) and ACTB (1.058). Further, taking inter-and intra-group variations into consideration NormFinder suggested that combination of B2M and G6PDH genes is the most stable combination with stability value of 0.38. On the other hand, analysis with Bestkeeper ranked G6PDH (SD: 0.69) as most stable gene followed by B2M (1.18), GAPDH (1.32) and ACTB (2.42) genes. De Boever et al. (2008) found G6PDH and UB combination as most stable combination for gene expression analysis of pro-inflammatory cytokines in a lipopolysaccharide inflammation model in chickens. To our knowledge, this study perhaps is the first to test various reference genes for their stable expression in PBMC belonging to different chicken breeds. The findings could be useful in similar studies involving various other breeds of chicken.
Expression Analysis
PRR play significant role in innate immunity by recognizing pathogen and/or damage-associated molecular patterns through activation of complex downstream signaling cascade resulting in expression of type I IFN and pro-inflammatory cytokines. A total of 14 genes related to innate immunity were used for expression profiling in PBMC of 2 indigenous breeds (Ghagus and Nicobari) and an exotic breed (WLH). Genes belonging to all 4 classes of PRR could be amplified in PBMC of all 3 breeds studied. Expression of all 10 genes was different among 3 breeds studied (Table 2) . Among TLR, expression of TLR1LB was higher in Ghagus as compared to Nicobari and WLH breeds. Similarly, expression of TLR7 was higher in Ghagus and WLH as compared to Nicobari breed. However, no significant difference in expression of TLR3 and TLR1LA genes was observed among 3 breeds. Increase in expression of TLR7 in the lungs of Marek's disease virus-infected chicks (Abdul-Careem et al., 2009 ) and spleen of avian leukosis virus subgroup J-(ALV-J-) infected chicks (Feng et al., 2016) demonstrates the role of TLR7 in innate immunity against viral infections. Expression profile of TLR genes differ in different chicken breeds. Higher expression of TLR7 in indigenous breeds such as Aseel and Kadaknath and TLR4 and TLR5 in Kadaknath as compared to WLH was reported (Kannaki et al., 2010) .
In RLR genes, expression of MDA5 gene was higher in Ghagus and Nicobari as compared to WLH breed while that of LGP2 was higher in Nicobari as compared to Ghagus and WLH breeds. MDA5, which recognizes dsRNA molecules, plays a key role in antiviral response to avian influenza virus infection through induction of IFNβ (Hayashi et al., 2014) . Up-regulation of MDA5 gene in Marek's disease virus infected broiler and Chinese native Erlang mountainous chicken was reported and the up-regulation of MDA5 was higher in native chicken as compared to broiler in different immune tissues (Feng et al., 2013) . MDA5 is reported to recognize infectious bursal disease virus infection in chicken fibroblasts and this virus infection initiated the MDA5 signalling pathway by up-regulation of chicken IFNβ and MHC class I genes expression (Lee et al., 2014) . Similarly, ALV-J infection induced a significant increase in mRNA levels of MDA5 (Feng et al., 2016) . Taken together, MDA5 helps in mounting antiviral response through activation of IFNβ expression. The role of LGP2 in activating the innate immunity in chicken is yet to be clearly elucidated as it has independent signaling activity. Over expression of LGP2 is known to down regulate the IFNβ production (Liniger et al., 2012) . Higher expression of LGP2 gene may be the plausible reason for lower expression of IFNβ gene in Nicobari as compared to other 2 breeds.
Among NLR genes, expression of NOD1 and NOD5 genes was higher in Ghagus and WLH breeds as compared to Nicobari breed. NOD1 receptor recognizes peptidoglycan moieties from gram-positive and gramnegative bacteria and play important role in innate immunity through activation of NFκB, MAPK, and caspase (Moreira and Zamboni, 2012) . On the other hand, NOD5 recognizes dsRNA, poly(I:C) and lipopolysaccharide, and regulates the expression of type I IFN, IL-6, and MHC class I gene in chicken (Lian et al., 2012) . Studies depicting the breed differences in expression of these 2 genes are limited in the literature to compare the present findings.
With regard to CLR genes, expression of B-Lec was higher in Ghagus as compared to WLH and Nicobari breeds. There was no significant difference in expression of B-NK gene among 3 breeds. CLR play a central role in the recognition and shaping of immune responses to fungal pathogens, through the induction and modulation of cytokine responses (Vautier et al., 2012) . Ligands for B-NK and B-Lec are yet to be identified, and therefore, the role of these 2 genes in innate immunity is only emerging (Viertlboeck et al., 2008) . The present study demonstrates the expression of B-NK and B-Lec in PBMC and is perhaps the first study, to our knowledge, to investigate the expression of CLR in indigenous and improved chicken breeds.
Among cytokines, expression of IL1β and IL8 was higher in Ghagus as compared to WLH and Nicobari breeds while expression of IFNβ was higher in Ghagus and WLH as compared to Nicobari breed. However, no significant difference was seen in expression of IFNα among 3 breeds. These cytokines (IFNβ, IL1β, and IL8) are part of downstream genes of TLR, RLR, and NLR signaling pathways. Activation of upstream PRR is expected to modulate the expression of type I IFN and pro-inflammatory cytokines through complex cascading signaling mechanism (Karpala et al., 2008; Lian et al., 2012) . Higher expression of cytokines in Ghagus compared to other 2 breeds could be explained by the fact that Ghagus has shown higher expression of most of PRR genes studied.
In support of the findings of the present study, various studies reported a genetic effect on the expression profile of genes linked to innate immunity. Significant genetic line effect on TLR expression in the spleen of Salmonella Enteritidis-infected birds was demonstrated (Abasht et al., 2009) . Similarly, a breed effect on expression profiles of TLR and cytokine genes in PBMC infected with Salmonella Enteritidis among different Chinese chicken lines was reported (Pan et al., 2012) . Differential expression of TLR and different cytokine genes in chickens resistant or susceptible to salmonellosis (Kogut et al., 2012 ), Marek's disease (Perumbakkam et al., 2013; Haunshi and Cheng, 2014) , and host immunity to coccidiosis (Min et al., 2013) was also established.
In conclusion, the findings of the present study suggest that genetic makeup of birds (breed effect) plays a significant role in the expression profile of PRR and cytokine genes linked to innate immunity. Indigenous chicken breeds are hardy and possess the ability to survive and adapt to unfavorable conditions of free range or extensive system of rearing compared to exotic, improved breeds. Therefore, indigenous breeds particularly Ghagus with no artificial selection were naturally selected for fitness traits and hence might have a relatively better expression profile of genes linked to innate immunity when compared to WLH and Nicobari breeds. However, comprehensive study involving all aspects of innate immunity as well as challenge studies to viral, bacterial, or parasitic diseases need to be carried out to identify resistance or susceptibility to specific diseases among these indigenous chicken breeds.
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